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Report to the Fish and Game Commission:

A Status Review of the

Delta Smelt (Hypomesus ~ranspacificus)

in California11

EXECUTIVE SUMMARY

This report was prepared in response to a petition received by

the Fish and Game Commission from Dr. Peter B. Moyle of the

University of California at Davis to list the Delta smelt

(Hypomesus transpacificus) as an Endangered Species under the

authority of the California Endangered Species Act (Fish and Game

Code Sections 2050 et seq.).

On August 23, 1989, pursuant to the Section 2074.2 of the

California Endangered Species Act (CESA), the Commission

determined that the petition contained sufficient information to

indicate that the petitioned action may be warranted. Pursuant

to Section 2074.6 of CESA, the Department undertook a review of

this petition. Based on the best scientific information

available on the Delta smelt, the Department has evaluated

whether, in fact, the petitioned action should be taken.

Information and comments on the petitioned action and the Delta

!/ Prepared August 1990.
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smelt were solicited from interested parties, management

agencies, and the scientific community.

This report presents the results of our review and analysis.

Findinqs

The Delta smelt is a small fish endemic to the Sacramento-San

Joaquin Estuary. Delta smelt are euryhaline and much of the year

are typical~y most abundant in the entrapment zone, where

incoming saltwater and outflowing freshwater mix. This species

feeds exclusively on zooplankton, spawns in freshwater, and

usually only lives for one year.

Information from six different data sets all indicate that the

population of’Delta smelt has declined. The best measures, based

on the summer townet and fall midwater trawl surveys, indicate

that abundance of this species has been consistently low since

1983. Based on the midwater trawl survey, the average population

since 1983 has been only about one-fifth~ of the average

population level from 1967 to 1982, and one-tenth of the peak

level in 1980.

Conclusions

Although the petitioner requested that the species be listed as

endangered, the Department finds that the Delta smelt should be

iv
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listed as a threatened species, based on Section 670.1(b) of

Title 14 of the California Code of Regulations and Section 2072.3

of the Fish and Game Code. The Department,s findings are based

on the following:

i. The recent decline in the copepod, Eurytemor~ affinis, a

major diet component of the Delta smelt, must be considered

as a potential threat to the smelt’s recovery unless other

food resources compensate or this copepod recovers to its

former abundance.

2. Although spawning stock abundance may not have been an

important factor in Delta smelt year class success in the

past, present or future low stock levels may inhibit the

potential for population recovery. The relatively low

fecundity of this species and its planktonic larvae, which

undoubtedly incur high rates of mortality, indicate that

year class success of the Delta smelt must depend on

reproduction by fairly large numbers of fish.

3. The relationship between Delta smelt abundance and water

diversions is not clear. Delta smelt are ecologically

similar to young striped bass which have been severely

impacted by water diversions. Whether or not water

diversions are directly responsible for the Delta smelt

V
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population decline, their drain on the population may be a

significant factor inhibiting recovery.

4.     Although there is no direct evidence of Delta smelt

suffering direct mortality or stress from toxic substances,

such substances cannot be eliminated as having adverse

effects on the population.

5. There is no evidence that" Delta outflow has had major

effects on Delta smelt abundance.

6. No research has been done to determine if the wagasaki, a

closely related species introduced into several reservoirs

in the Delta drainage, hybridizes with or competesdirectly

with the Delta smelt.

7. A number of exotic fish and invertebrate species have been

introduced into the Sacramento-San Joaquin Estuary.

Although none of these species can be directly linked to the

decline in Delta smelt, their presence may inhibit the

smelt’s recovery.

8. Diseases and parasites of Delta smelt have never been

studied; thus, there is no evidence concerning their role in

the population decline. Should they be important, they

vi
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could prevent the recovery of Delta smelt from current low

population levels.

9.    Although competition and predation cannot be ruled out as

threats to Delta smelt, the available evidence suggest that

they are not a major threat. In fact, several potential

competitors or predators also show signs of population

erosion approximately coinciding with or preceding the

decline of Delta smelt.

10. The Delta smelt population trend, certain life history

attributes, and environmental threats tend to support

listing. The scientific information is insufficient,

however, to determine whether the population is low enough

that it is in imminent danger of extinction. This is a

complicated scientific determination, and no study which

might be implemented will provide a conclusive answer in the

next few years, Meanwhile, the population might become

extinct. The most prudent action, therefore, is to list the

Delta smelt as a threatened species.

vii

C--048598
C-048598



Recommendations

Listing:

i. The Commission should find that the Delta smelt is a

threatened species.

2. The Commission should publish notice of its intent to amend

Title 14 CCR 670.5 to add the Delta smelt (Hypomesus

transpacificus) to its list of Threatened and Endangered

Species.

Management and recovery objectives:

i. Improve species identification and fish handling procedures

at the existing State and Federal Water Project diversions

from the Delta. Such actions could reduce present

entrainment losses to these major diversions.

2. Modify pumping strategies at the State and Federal Water

project diversions to reduce entrainment losses during

periods When delta smelt are most abundant.

3. Increase spring and summer delta outflows to maintain the

entrapment zone and major delta smelt nursery in the Suisun

viii
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Bay region where food supplies are greater that in the Delta

and exposure to diversions is minimal.

4. Support regulations restricting ship ballast water

discharges to eliminate or minimize new introductions of

potentially harmful exotic species. S 2244 and HR 4214

currently being considered by the U.S. Congress would create

such regulations.

5. Evaluate losses to agricultural diversions in the Delta.

Screening these diversions probably would reduce entrainment

and losses to local crop irrigation.

6. Remove water project diversions from the Delta. Moving the

diversion intakes to the Sacramento River upstream from the

major nursery area would do this and also provide benefits

to other species which formerly made more use of the Delta.

7. Consider developing pond culture techniques for the purpose

of creating "refuge" populations.

Public Responses

During the twelve month review period, the Department contacted a

number of affected and interested parties, invited comment on the

petition and our draft status review, and requested any

ix
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additional scientific information that may be available. A copy

of the Public Notice and a list of parties contacted are

contained in Appendix A. A summary of comments on the draft

status review is in Appendix B. Scientific comments will be

addressed as part of the regulatory proceedings should the

Commission find that the petition warrants action.
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Report to the Fish and Game Commission:

A Status Review of the

Delta Smelt (Hypomesus transpacificus)

in californiaI/

INTRODUCTION

Petition History

On June 13, 1989, the Fish and Game Commission (Commission)

received a petition from Dr. Peter B. Moyle of the University of

California at Davis, requesting State listing of the Delta smelt

(Hypomesus transpacificus) as an Endangered Species. The

Department of Fish and Game (Department) reviewed the petition

and recommended to the Commission that they accept it as complete

pursuant to Sections 2072.3 and 2073.5 in the California

Endangered Species Act (Fish and Game Code Sections 2050 et seq.)

and that the petitioned action may be warranted. On August 29,

1989, the Commission accepted the Department’s recommendation and

designated the Delta smelt as a Candidate Species as provided for

in Section 2074.2 of the California Endangered Species Act

(CESA). That action initiated a twelve-month review period,

!/ Prepared August 1990
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pursuant to Section 2074.6 of CESA, within which the Department

must review the best scientific information available on the

Delta smelt and provide a written report to the Commission

indicating whether the petition is warranted.

Department Review

This report contains the results of the Department’s review, and

a recommendation to the Commission, based on the best scientific

information available, whether or not the petitioned action is

warranted. It also identifies the habitat that may be essential

to the continued existence of the species and suggests management

activities and other recommendations for the recovery of the

Delta smelt.

During the twelve month review period, the Department contacted

affected and interested parties, invited comment on the petition

and our draft status review, and requested any additional

scientific information that may be available, as required under

Section 2074.4, Fish and Game Code. A copy of the Public Notice

and a list of parties contacted are contained in Appendix A. A

summary of comments on the draft status review is in Appendix B.

Scientific comments will be addressed as part of the regulatory

2
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proceedings shouldthe Commission find that the petition warrants

action.

LIFE HISTORY

Description

The Delta smelt is a small, slender-bodied fish, with a typical

adult size of 55-70 mm (standard length), although some may reach

130 mm. This fish has a small, flexible mouth with a maxilla

(upper jaw bone) which does not extend past the middle of the

eye. When pressed against the body, the pectoral fins reach

less than two-thirds of the way to the pelvic fin bases. The

upper and lower jaws contain small, pointed teeth. Live Delta

smelt have a steely blue sheen on the sides and appear to be

almost translucent (Moyle 1976). Delta smelt, like other

members of the family Osmeridae, have an adipose fin.

Additional, more detailed descriptive information can be found in

Moyle (1976).

Taxonomy

The confusing taxonomy of this species is described in Moyle

(1976). The Delta smelt was once thought to be a population of

the widely distributed pond smelt, Hypomesus olidus. The two

3
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were recognized as distinct species by Hamada (1961), who renamed

the Delta smelt ~. sakhalinus and retained the name ~. olidus for

~pond smelt. It was later determined, however, that H. olidus

does not occur in California waters, and McAllister (1963)

redescribed the Delta smelt as H. transpacificus, with Japanese

and California subspecies, ~. ~. nipponensis and H. t.

transpacificu~, respectively. Subsequent work has shown that

these two subspecies should be recognized as species, with the

Delta smelt.being ~. transpacificus and the Japanese fish

(wagasaki) being ~. nipponensis (Moyle 1980).

Ranqe

The delta smelt occurs only in the Sacramento-San Joaquin

Estuary.

Diet

Delta smelt feed exclusively on zooplankton. Department

biologists examined gut contents of two 8 mm and9 mm delta smelt

larvae captured in 1988 which had eaten harpacticoid copepods,

calanoid copepods and copepod nauplii. The diet of 20-mmto

40-mm-long juveniles collected by the Department in 1974 was

comprised mainly of calanoid coPePods, especially Eurytemor~

affinis, which was the dominant food .(Table i). There was no

evidence of a major shift in diet asthe smelt grew larger.

4
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Table 1. Zte~s in the diet of delta s~elt cot|ected fro~ the tmmet survey
i at station 519 on J~e 28 and July 13, 197z,.

Length Totat Number Cyctopidae Euryte~ora Oiaptomus Harpact~coid Neo~ysis Other
group (ram) fish w/food ................... copepod ........ copepod

20-24 2 1 2

25-29 18 17 117 1 1 8

30-34 18 17 2 585 1 45

35-39 12 12 0 220 1 34

C--048611
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Moyle and Herbold (MS) examined the diet of delta smelt from 15.

samples collected at various times from 1972 to 1974 and for two

fall samples collected in 1988. They found copepods to be the

dominant diet item and the opossum shrimp, Neomysis mercedis, was

second. E affinis was the primary copepod in stomachs in the

1972-1974 sample. Pseudodiaptomus forbesi, an accidentally

introduced exotic copepodwhich first became abundant in spring

1988, was an important diet item that year. The amphipod,

CoroDhium sp, and two cladocefans, Bosmina sp. and Daphnia sp.,

were also eaten.

Reproduction and Growth

Spawning occurs in freshwater at temperatures of 7-15°C (Wang

1986). It generally takes place from February through June,

probably mostly in the dead end sloughs (Radtke 1966) and shallow

edge-waters of the channels of the Delta (Wang 1986) and the

Sacramento River. Catches of young delta smelt, 20-30 mm in

length, during salmon seine surveys in May document the

occurrence of spawning in the Sacramento River (Table 2). Some

spawning has also been recorded in Montezuma Slough, near Suisun

Bay (Radtke 1966, Wang 1986). Each female deposits from 1400 to

2900 demersal,adhesive eggs on substrates such as rock, gravel,

tree roots, and submerged vegetation (Moyle 1976; Wang 1986;

Moyle and Herbold, MS). Eggs probably hatch in 12-14 days if

6
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Tabte 2. Catch per haul (C/H) and me~ fork |ength tn mi|ti~eter$ (FL)
of detta melt at Sacramento River beach seine sites in 1978.
Nt~ber of seine hauls ~n parentheses.

Feb              14at              Apt              Hay              June
Sfte                C/H       FL    C/H       FL    C/H       FL    C/H        FL C/H       FL

IsLeton (0) 1.3 (3) 69 0.0 (1) 2.0 (1) 22 (0)

Ryde (0) 1.0 (2) ~6 1.2 (4) 75 13.3 (3) 24 (0)

Ctarksburg (0) 0.0 (5) 5.8 (4) 68 70.7 (3) 26 (0)

Garcia Bend 0.0 (2) 1.5 (4) 66 0.2 (4) 71 5.7 (3) 24 (0)

Houth American
R~ver 0.0 (Z) 0.0 (5) 0.0 (3) 0.2 (4) 68 0.0 (1)

C--04861 3
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developmental rates are similar to those of the closely related

wagasaki (Wales 1962).

After hatching, larvae float to the surface (Moyle 1976) and many

are carried by currents downstream to the mixing (entrapment)

zone (see "Distribution and Essential Habitat"). Growth is

rapid; juvenile smelt are 40-50 mm long by early August (Erkkila

et al. 1950, Ganssle 1966, Radtke 1966). Adult lengths are

reached by the time they are 6 to 9 months old (Moyle 1976).

Thereafter, they only grow another 3-9 mm, presumably because

most energy is being channeled into the development of gonads

(Erkkila et al. 1950, Radtke 1966).

Most Delta smelt die after spawning, although a few may survive

to be 2 years old. There is evidence that almost total

reproductive failure can occur in some years. Erkkila et al.

(1950), for example, collected no young-of-the-year smelt in

their second year of sampling, although their previous year’s

data suggested that large numbers should have been present.

DISTRIBUTION AND ESSENTIAL HABITAT

Delta smelt are euryhaline, and much of the year are typically

most abundant in the entrapment zone (Arthur and Ball 1979) where

8
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incoming saltwater and outflowing freshwater mix (Tables 3, 4,

and 5). This mixing effect allows organisms which swim poorly,

such as zooplankton and larval fish, to remain in the entrapment

zone rather than being flushed out to sea. Hence, delta smelt

spend their life from the larval period to pre-spawning adulthood

in the Delta and brackish areas downstream, particularly the

suisun Bay region (Ganssle 1966, Radtke 1966, Moyle and Herbold

1989). Surveys by the San Francisco Bay - Outflow Study, which

has sampled, fish in the Estuary from San Francisco Bay to the

western Delta since 1980, indicate that delta smelt thin out in

san Pablo Bay and are virtually non-existent in San Francisco Bay

(Table 3).

Summer townet and fall midwater trawl surveys (pages 17 to 23),

conducted by the Department for young striped bass (Morone

saxatilis), indicate delta smelt are most frequently caught where

specific conductance ranges from 500 to 8000 microsiemens (Tables

3, 4 and 5). These surveys also demonstrate that the

geographical distribution of delta smelt during summer and fall

is strongly influenced by delta outflow. As flows increase and

saltwater is repelled, more of the population occurs in Suisun

and San Pablo bays and less occurs in the Delta (Figures 1 and

2).

9
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San Francisco Bay - Outf|ou study catch of darts smett by ~o~th and area,
1980-1988. I~,ber of sampting sites in parentheses.

Area                                               Nonth

Jan Feb Nar Apr Nay Jun Jut AUQ Sap Oct Nov Dec Totat

~an Francisco Say (16) 0 0 0 0 0 0 0 0 0 0 0 0 0

San Pab~o Bay (8) ~ 5 29 1 0 1 0 0 0 5~ 0 1 95

Carquinez Strait and
~estern Su~sun Bay (6) 61 ~6 86 37 5 55 70 9~ 71 36 9 ]8 608

Eastern Su~sun Bay (3) 18 2~ 15 10 5 8 16 37 5~ 68 40 12 307

Western Detta (2) 30 15 15 5 2 20 12 23 55 12 33 32 252

Totat 113 88 1~5 53 12 84 98 15~ 180 170 82 83 1262

10
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Tabte 4. Sm~er tounot survey catch frequencies for detta s~ett by specific conductance
(EC) ranges, 1969-1988. 1/

Nurbers of s~ett per catch

Nurber Percent
EC Totat    Catches uith
(microsiemens) 0 1-4 5-9 10-14 15-19 20-49 50-99 >100 Sa~ptes >0 smett

No Data 9 4 3 1 0 1 1 0 19 10 52.6

1-499 541 170 52 17 10 36 16 14 856 315 36.8

500-999 105 51 13 16 7 13 14 10 229 124 54.1

1000-1999 38 31 15 10 8 17 9 10 138 100 72.4

2000-3999 34 41 15 11 8 22 9 8 148 114 77.0

4000-5999 31 30 11 6 4 6 8 8 104 75 70.0

6000-7999 22 21 9 7 3 11 5 1 79 ¯ 57 72.1

>8000 338 9~ 32 14 7 17 14 3 521 183 35.1

Totat 1118     444     150 82 47     125 76 54    2094     976     /,6.6

1/ EC was not measured prior to 1969 even though the survey
started in 1959.

11
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TabLe 5. FaLL mideater trauL catch frequencies for delta sMeLt by specific conductance
(EC) r~nges, 1967-1988.

Nur~ers of smelt per catch

Percent
Number catch

EC Total    Catches uith
(mi crosiee~ns) 0 1-4      5-9 10-14    15-19 20-49     >50     SampLes    >0 sa~tt

No Data 9 0 0 0 0 0 0 9 0 0

1-499 1756 604 10~3 :30 16 27 4 2540 78~ 30.8"

500-999 311 137 :35 21 7 12 5 528 217 41.1

1000-1999 224 128 43 18 10 18 2 443 219 49.4

2000°3999 269 141 44 30 9 14 5 512 243 47.4

4000-5999 244 97 45 9 10 12 1 418 174 46.1

6000-7999 202 67 23 10 5 9 1 317 115 36.3

>8000 4547 173 24 9 9 11 4 4777 230 4.8

Totat 7562 1347 317 127 66 103 22 9544 1982    20.7
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CDFG TOWNET SURVEY - DELTA SMELT DISTRIBUTION
SURVEY- I

~7470

~0
~0
40

0 ¯ ,    ¯ ~ ¯ ~ ~ ~ ¯ i ’" i ’" , ¯ ~ " i ~ ~    -
3.0

~OGIO OUTFLO~

3.0 3.2 3.4 ].l 3.8 ~.0 4.2 4.4 4.g 4.8 l.O 5.2

LOGIO OUTFLO~

Figure 1. Relationship between the portion of the delta smelt
population occurring west of the delta and log delta
outflow during the survey period. Data are from the
summer townet survey. For arcsine transformed
percentages, R2= 0.74 for survey 1 and R2= 0.55 for
survey 2.

13

C--04861 9
C-048619



3.2 3.4 3.~ 3.0 4.0 ~.2 ~.4 4.~ 4.8 S.O 3 Z

~OGIO ~TTLO!

DICZ~BER

Figure 2. Relationship between the portion of the delta smelt
population occurring west of the delta and log delta
outflow during the survey month. Data are for the
fall midwater trawl survey. For arcsine transformed
percentages, R2= .640 for September, .763 for October,
.708 for November and .336 for December.
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In late winter and spring, as the spawning period approaches,

adult delta smelt disperse widely into freshwater, as far

upstream in the Delta as Mossdale on the San Joaquin River

(Radtke 1966) and (as indicated by trawling and seining during

recent chinook salmon, Oncorhynchus tshawytscha, surveys) the

mouth of the American River on theSacramento River (Tables 2 and

6).

Delta smelt live principally in the upper portion of the water

column. During a 1963-1964 survey of delta fish populations a i0

foot by i0 foot surface trawl captured 1960 delta smeolt while a

15 foot by 5 foot otter trawl only captured 461 delta smelt.

These results were obtained despite the otter trawl constituting

60 percent of this surveys effort of about 1800 tows (Radtke

1966, Turner 1966).

ABUNDANCE

Information from five Interagency Ecological Study Program

monitoring programs and one University of California program was

summarized to evaluate recent trends in delta smelt abundance:

1.    the summer townet survey for young striped bass,

2.    the fall midwater trawl survey for young striped bass,

3.    the San Francisco Bay-Outflow Study’s monthly midwater

trawl survey,
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Table 6. Catch of Delta Smelt by midwater trawl in the Sacramento River
at Clarksburg, 1976-1981. This site has not been sampled in
more’recent years. N/M means not measured. Lengths in mm.

May                          June                         July
Mean     No.               Mean      No.                Mean      No.

Year Catch Length Tows      Catch Length Tows      Catch Length Tows

1976 218 79 147 69 80 342 7 84 94

1977 242 N/M 443 117 N/M 550 0 95

1978 0 8 82 127 0

1979 0 15 78 I00 0

1980 0 6 84 240 0

1981 0 29 80 139 0
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4. the seine and midwater trawl monitoring of young

chinook salmon,

5. "salvage" of fish at the State and Federal water

project fish screens in the south Delta, and

6. the University of California, Davis, suisun Marsh fish

survey.

While these data sets all provide information on delta smelt

abundance at the time and location of sampling, each has inherent

strengths and weaknesses in depicting the true population trend.

These strengths and weaknesses are discussed as appropriate in

the subsequent sections of this report.

Summer Townet Survey

The Department has conducted semi-monthly tow net surveys in the

Delta and Suisun Bay, from late June to early August, each year

since 1959 (except 1966) to index the abundance of young striped

bass. On each survey run, three tows are made at each of about

30 sites from San Pablo Bay upstream through most of the Delta

(Figure 3). Each survey run takes 5 days, and runs are made at

2-week intervals until the young bass average 38 mm (1.5 inches)

in length. The number of runs has varied from two to five

annually . The sampling gear and methods are described in detail

by Calhoun (1953), Chadwick (1964), Turner and Chadwick (1972)

and Stevens (1977). Catches of delta smelt are a by-product of
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this survey and records of these Catches were kept in all years

except 1967 and 1968. Annual abundance indices for delta smelt

¯ were calculated by summing, over all sample sites, the products

of: total catch in all tows at a site x water volume in acre

feet (Chadwick 1964) represented by that site. Delta smelt

abundance indices were calculated only for the first two survey

runs since runs 3,4, and 5 were not made in all years. The delta

smelt abundance index is the mean of the abundance indices for

the two run~ after dividing by 1000 to scale the index for

convenience. (Appendix C)

This survey provides good coverage of the delta smelt nursery

and, in general, should yield an excellent index of young delta

smelt abundance during early summer. In high flow years,

however, the townet survey may undersample the population because

many young smelt are washed downstream to San Pablo Bay or

beyond.

The townet survey abundance index shows that annual production of

young delta smelt has been quite variable since the Survey began

in 1959. The peak index of 62.5 in 1978 was 78 times greater

than the lowest index of 0.8 in 1985. Abundance has been very

low every year since 1983 including, the present year, 1990

(Figure 4). Similar low abundance indices occurred in several
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Figure 4. Trends in delta smelt as indexed by seven independent
surveys.
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earlier years (1963,1965,1969), but never for consecutive years.

Thus, the townet results indicate that there has been a collapse

in the production of young delta smelt.

Fall Midwater Trawl Survey

Starting in 1967, a 12 ft X 12 ft midwater trawl has been used to

measure abundance of young-of-the-year striped bass and other

species, including delta smel~, during the fall. About 87 sites

are sampled from San Pablo Bay upstream to Rio Vista on the

Sacramento River and Stockton on the San Joaquin River (Figure 5;

Stevens1977). Originally, the midwater trawl survey was done

monthly from August or September through the following March.

However, due to extraneous variability in striped bass abundance

indices caused by pulses of high winter runoff, sampling has been

restricted since 1980 to September through December. Surveys

were not conducted in 1974 or 1979 or in November 1969 and

September and December 1976.

Delta smelt, which on average are smaller than young striped bass

during the fall, probably are at least equally vulnerable to

capture by this survey. This survey provides reasonable coverage~

of the delta smelt population and should yield reasonable

measures of the ultimate success of each year class.
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Monthly abundance indices for delta smelt were calculated by

summing, over all sampling sites, the product of: the mean catch

per 12 minute tow in 17 subareas of the Estuary x the water

volume in each subarea (Appendix D). The annual total abundance

index is the sum of the monthly indices for September through

December. Abundance indices for the surveys missing in 1969 and

1976 were estimated by interpolation or extrapolation of the

months actually sampled.

Like the summer townet survey, the fall midwater trawl survey

indicates that abundance of delta smelt has been highly variable,

and has suffered a major decline (Figure 4). The peak fall index

of 1678 occurred in 1970 and was i5 times greater than the

minimum fall index of 109 which occurred in 1985. A general

downward trend in fall abundance appears to extend back to the

peak population of 1970 interrupted by a high index in 1980. The

fall index has been consistently low since 1983 and from 1983 to

1988 was lower than in any previous year.

San Francisco Bay - Outflow Study

Midwater trawl catches of delta smelt by the Interagency

Ecological Study Program’s San Francisco Bay - Outflow Study

provide yet another set of delta smelt abundance measures. These

measures are based on catches of smelt as small as 25 mm up to
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adult size and are available from1980 through 1988. They are

based on monthly sampling (12-minute tows) at 42 locations

extending from South San Francisco Bay to the western Delta

(Figure 6).

The Bay-Outflow Study survey is comprehensive in that it samples

monthly throughout the year. Its main deficiency in measuring

delta smelt abundance is that it does not sample in the Delta

east of Antioch and Collinsville; thus, a portion of the delta

smelt’s geographical range is not covered. This is particularly

important in dry years when the population is concentrated in the

Delta.

Typically, the Bay-Outflow survey’s delta smelt catches peak from

August to October as the new year class grows to a size at which

they become vulnerable to capture by the sampling gear (Table 7).

Average catches remain moderate through March and then decline

into May when the bulk of the adults are spawning upstream from

the sampling area and begin to die out. A few remaining adults

and the next year class appear in the catches in June and July.

Bay survey catches show a striking decline in delta smelt

abundance after 1981 (Figure 4). The 1981 catch rate was about

twice that for 1980 but since 1981 there has been an irregular

but persistent~decline leading to a catch rate in 1988 that was
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only about one-tenth that for 1981. All of the catch .rates since

1984 have been lower than in any previous year. The trend in

catch frequency is consistent with the trend in annual catch

rates. From 1981 through 1984, delta smelt were caught during

all monthly surveys (Table 7). During 1985 and 1986 they were

caught during 9 and 10 surveys, respectively. Delta smelt were

caught only during 6 of the 12 monthly surveys in 1987 and only

during 5 surveys in 1988.

Based on the Bay-Outflow study data, the current population of

delta smelt is distinctly depressed. Part, but by no means all,

of this depression likely is due to incomplete coverage of the

delta smelt’s geographical range: four of the five years since

1983 have been low flow years and the population has been

concentrated in the Delta.

Salmon Survey Traw! and Seine Catches

The Interagency Program has used midwater trawl and seine surveys

to measure annual abundance of young chinook salmon. These

surveys are currently administered by the U.S. Fish and Wildlife

Service. Delta smelt are an incidental catch in these salmon

surveys.
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The primary trawl survey has been conducted from April through

June, since 1976, at Chipps Island in upper Suisun Bay. Data

from this survey currently are available through 1987. A major

deficiency of delta smelt abundance measures from this trawl

survey is that the survey only samples at one location, thus the

indices are affected by annual differences in delta smelt

distribution. Nevertheless, the catches may still reflect major

changes in population status.

The seine survey generally has sampled about 23 sites at beaches

in the Delta and Sacramento River upstream to the mouth of the

American River (Figure 7). This survey is run several times each

month from January to April, May, or June. Data currently are

available from 1977 to 1989. Since the sampling is entirely in

the Delta and the Sacramento River and in late winter and spring,

catches primarily reflect numbers of delta smelt undertaking

their spawning migration, although, occasionally, young smelt

around 20-30 mm long also have been taken.

As for the other data sources, catches of delta smelt in the

salmon surveys were low during the most recent years. In the

Chipps Island trawl survey, the catch of delta smelt fell

dramatically in 1985 (1984 year class) and remained low in 1986

and 1987 (Figure 4 and Table 8). Catches during these years were

considerably lower than in any previous year except 1977 when a

drought caused salinity encroachment and most of the delta smelt
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Table 7. San Francisco Bay - Outflow study catches of delta smelt
by month and year.

Year    Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec Total

1980       1     4    37     2     0 53 31 51 20 36     4         239

1981       27    46    26    19     3    23    15    39    53    19    II    26    307

1982              41        15           9           5           4           4        35         13           7           9           7        22        171

1983                30         12          41            5            1            2            1         15         29         66         14             3         219

1984         2      5    14    21     4      0     5    ii    29      5      6      5    107

1985                  5            1            1            0            0            1            4            2            1            1            0         21            37

1986         1     3    14      0     0     1      1    23    21    29      9      6    108

1987         6      0      2      1     0      0      6      0     4      0    25    0       44

1988                  0            2             1            0            0            0            0            0         16            5            6            0            30

Total 113 88 145 53 12 84 98 154 180 170 82 83 1262
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Figure 7. Sampling sites of the salmon trawl and seine surveys.
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Table 8. Catch of delta smelt per tow during the chinook salmon
trawl survey in the western Delta at Chipp’s Island,
April-June, 1976-1986. Number of tows in parentheses.

Year April May June Mean Apr-Jun

1976 3.38 (76) is. 54 (188)

1977 0.00(174) 0.01(227)

1978 2.48(10~) 2.28(90) lS.06(174) 6.61
,.

1979     3.83(77)    1.18(78)    14.02(190)        6.34

1980 0.69(65) 0.49(81) 16.88(252) 6.02

~ ~4.~s( S~)~ 3.~(~) ~.~(~4) ~.~2

1982 1.46(43) 4.07 (121) 2.08(125) 2.54

1984 15.94(73) 1.85(99) 4.78(164) 7.52

1985 0.91(86) 0.05(298) 0.ii(45) 0.36

xss~ o.2~(ss) o.x~(~ss) 0.~s(~s) 0.2~

1987 0.25(159) 0.21(290) 0.00(43) 0.15
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population probably moved upstream from the sampling site. The

relatively high average catch of more than seven delta smelt per

tow in~1984 (1983 year class) also is inconsistent with the

population trend depicted by the broader based surveys and again

may reflect an anomalous smelt distribution relative to the

single sampling location.

In the seine survey, the lowest average catches of adult delta

smelt occurred in 1980 and 1984-1989 (Figure 4 and Table 9). The

reason for the low catch in 1980 (1979 year class) is unknown.

However, the persistent low catches from 1984-1989 (1983-1988

year classes) are consistent with the population decline

exhibited by the fall midwater trawl and summer townet surveys.

Salvaqe at SWP and CVP Fish Screens

Fish salvage operations at the State Water project (SWP) and the

U.S. Bureau of Reclamation’s Central Valley Project (cvP) fish

screens provide huge samples of fish populations in the Delta;

however, a major deficiency relative to measuring fish population

~trends is that all of the sampling occurs at only one location so

the samples are affected by annual variations in the geographical

distribution of each species. The salvage is also affected by

seasonal and annual variations in water export rates, which

affect numbers of fish that are diverted and screening
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Table 9. Mean monthly catch of adult delta smelt per haul
during the chinook salmon seine survey in the
Sacramento-San Joaq~in Delta, January-April 1977-1987.

Mean monthly
Year                       catch per haul               No. hauls

1977                                 0.39                              152

1978                                  0.93                               105

1979                                 1.34                              250

1980                                 0.i0                              359

1981                       1.75                     397

1982                                 0.34                              352

1983                      0.20                    321

1984                                 0.08                              291

1985                                 0.09                              321

1986                                 0.i0                              222

1987                                 0.06                              238

1988                                 0.01                              233

1989                                 0.01                              281
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efficiency. Also, at times, particularly before 1979 at the CVP,

there have been species identification and other data quality

problems. Nevertheless, considering the lengthy period of fish

salvage information, the records provide another independent,

albeit imperfect, source of information on the delta smelt

population trend.

Salvage of delta smelt has been monitored since 1968 at the SWP

fish screens and since 1979 at the CVP screens. Estimates of

total smelt (delta smelt and longfin smelt) salvage provide

additional information on smelt trends at the CVP back to 1973.

Salvage estimates represent numbers of fish screened from the

water that is exported from the Delta, but over-represent numbers

of fish that are actually saved because many of these salvaged

fish die due to the handling and trucking that is necessary to

return fish to the Delta, and to predation by larger fish at the

release sites.

Total salvage is estimated from estimates for co~secutiveperiods

(typically 2 hours long) based on the salvage rate (fish per

minute entering the holding tanks), during each period. These

salvage rates .are estimated from fish counts ranging from.one

minute to the total length of the period. Sample counts are

expanded to account for the amount, of water exported when counts

were not made. Because numbers of fish salvaged are affected by
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the amount of water diverted, salvage per-acre-foot diverted was

also examined.

At the SWP, delta smelt salvage estimates were less than 300,000

fish in the initial two years of sampling, 1968 and 1969, but

exceeded 300,000 fish, ranging up to more than 1 million fish in

1970 and 1974 (Figure 8). In 1977, there was a precipitous

decline to 146,000 fish from 856,000 fish the previous year.

Salvage increased to about 238,000 delta smelt in 1978; however,

since 1979, the salvage of delta smelt has been consistently low,~

less than 60,000 fish, and as low as 3,600 fish in 1986.

At the CVP, the estimated salvage of delta smelt was on the order

of 45,000 fish in 1979 and 1980, when smelt species

identification began (Figure 9). In 1981, the estimate increased

to about 275,000 fish, but since 1982, salvage has been very low,

ranging from 2,800 to 34,000 fish.

Despite the lack of smelt species identifications, total smelt

salvage estimates suggest that, as at the SWP, CVP salvageof

delta smelt tended to be greater from 1973 to 1978 than it has

been since 1979. Except in very recent years when the delta

smelt population has been very low, the vast majority of

identified smelt have been delta smelt at both the CVP and SWP

(Table 10). All of the pre-1979 CVP estimates of total smelt
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Table i0. Percentage of smelt salvage at State and Federal
Water Project fish screens formed by delta smelt,
1968-1989.

State Water Project Central Valley Project
Year Percent delta smelt Percent delta smelt

1968 I00.0

1969 99.8

1970 97.3

1971 30.0

1972 98.9

1973 i00.0

1974 i00.0

1975 i00.0

1976 i00.0

1977 78.6

1978 98.5

1979 78.3 54.9

1980 81.6 I00.0

1981 94.8 99.9

1982 99.6 i00.0

1983 96.5 99.0

1984 88.5 55.4

1985 41.8 80.6

1986 63.0 94.3

1987 34.7 7.4

1988 28.6 54.7

1989 16.4 25.4
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salvage varied from about 130,000 to 311,000 fish, a level

equaled subsequently only in 1981 (Figure 10).

Overall, salvage at the SWP and CVP fish screens has trended

substantially downward since 1976 (Figures 4, 8, and 9), despite

a trend of increasing water exports (Figure Ii) which would lead

to increased salvage of fish if the smelt population was stable

or increasing. The one anomaly in this trend is the estimated

salvage of 275,000 delta smelt at the CVP screens in 1981.

when sampling effort is considered, by calculating numbers of

smelt salvaged per acre-foot of water diverted, pre-1979

abundance patterns appear to change somewhat, but, as for total

salvage, subsequent salvage per-unit-effort measures are

extremely low (except for 1981 at the CVP) (Figure 12).

Hence, the CVP/SWP salvage records are consistent with the other

data sets indicating that a major decline has occurred in the

delta smelt population; however, considering the’sampling

deficiencies (all sampling in one location, seasonal and annual

variability in water export rate, and data quality control

problems) in these data bases, the midwater trawl and townet

surveys undoubtedly provide a better depiction of the timing and

magnitude of decline.
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Figure 11. Trend in annual water exports by the State Water
Project and Central Valley Project.
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Figure 12. Salvage of delta smelt per acre foot of water diverted
by the State Water Project and Central Valley Project.



UC Davis suisun Marsh Survey

Drs. Peter Moyle and Bruce Herbold and classes at the University

of California, Davis have used otter trawls to sample fish

populations in Suisun Marsh sloughs since 1979. They have

provided us with their delta smelt abundance index for the Marsh

based on the number of smelt caught per tow each year. Over the

ll-year survey, the UC Davis classes collected 465 delta smelt,

all but one of which was collected before 1984 (Figure 4). Delta

smelt were rather scarce whe~ the survey began in 1979. Catches

improved considerably in 1980 and 1981 with the peak catch of 229

fish occurring in 1981. Subsequently, in 1982 and 1983, delta

smelt abundance declined below the 1979 level, and since 1984

they have been virtually non-existent.

Because the UC Davis sampling locations are limited

geographically and because the geographical distribution of

delta smelt varies .annually, we believe that other data sources

provide~a better depiction of the overall population trend.

However, the UC Davis survey is consistent with the other data

sources in exhibiting a much lower current population of delta

smelt.
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cqnc!usions Reqardinq Delta Smel~ AbundanGe T~end

All delta smelt abundance indices have declined in recent years,

but the timing of their decline varies somewhat depending on

which measure is used. The summer townet survey and fall

midwater trawl survey provide the best geographical coverage of

the delta smelt population; thus, they provide the best basis for

evaluating population trends. Information from the other data

sources confirms the general downward trend in delta smelt

abundance and allowed additional insight into distribution

patterns not covered by the summer and fall surveys.

Based on the summer and fall surveys, the delta smelt population

has been consistently low every year since 1983. While the

population had been as low or nearly as low in some previous

years, no multiple year period of low abundance had occurred

previously during the period of record beginning in 1959.

Looking at the decline by geographical areas (F~gures 13 and 14),

it is apparent that the delta smelt decline may have begun

earlier in the south and east delta than in the rest of the

Estuary. Anearlier decline in these areas is consistent with

the decline suggested by the fish salvage data from the water

project diversions in the south Delta.
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capturing them is not due to a diminishing of the delta smelt’s

range within the Estuary. Instead, the decline is simply due to

reduced probability of capture associated with a general decline

in abundance.

To determine if the apparent decline in delta smelt abundance was

statistically significant, we used an Analysis of Variance

(ANOVA) with Tukey’s test for grouping years for which there are

no significant differences. This analysis was based on

logarithmic transformations of catch per tow in the townet and

trawl surveys. The ANOVA demonstrated significant differences

between years and the Tukey’s ranking generally separated the

recent years into a common group separate from earlier years

although there were a few exceptions such as 1959, 1963 and 1969

in the townet survey groupings (Tables Ii and 12).

Population Size

To address the question of delta smelt abundance, we multiplied,

for the fall midwater trawl survey, the ratio of delta smelt

juveniles to young striped bass by rough estimates of striped

bass population size which are available for 8 years. Using this

approach, albeit imperfect due to unknown catch vulnerabilities,

we estimate that the fall delta smelt population is.now several

hundred thousand fish (Table 13). In the early 1970s, estimates

were on the order of 2 million fish.
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Table 11. Tukey’e etudentized range test for detecting
differences In lOglo mean catch per tow of delta smelt by
the townet survey. Means with the same Tukey grouping
letter are not significantly different (p. <0.10).

Tukey Grouping Mean N Year

A 0.56 174 1961

A B 0.53 167 1976

A B C 0.48 186 1962

A B C D 0.43 176 1971

A B C D 0.43 186 1964

A B C D 0.42 135 1960

A B C D 0.41 175 1975

A B C D 0.40 184 1978

B C D E 0.38 183 1980

B C D E 0.38 172 1974

B C D E 0.38 186 1970

B C D E 0.36 176 1982

C D E 0.35 152 1977.

C D E 0.35 176 1981

C D E F 0.38 186 1965

D E F G 0.29 172 1972

D E F G H 0.27 178 1973

E F G H I 0.22 289 1979

F G H I 0.17 134 1959

F G H I 0.16 181 1986

¯ G H I 0.14 186 .1963

H I 0.12 151 1983

R I 0.10 161 1984

I 0.07 159 1988,

I 0.07 175 1987

I 0.05 164 1985
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Table 12.     Tukey’s studentized range test for detecting differences
in logl0 mean catch per tow of_delta smelt for the midwater
trawl survey. Means with the same Tukey grouping letter
are not significantly different (p <0.I0).

Tukey Grouping                    Mean       N    Year

A                                      0.31          326      1980

A                                      0.30          324      1973

A B                                  0.25          295      1975

B C                              0.20          385      1970

B C                              0.19          404      1968

C D                         0.17          390      1971

C      D      E                                             0.17                     364            1972

C      D      E      F                                    0.14                     335            1967

C D E F                 0.14          332      1981

D E F G             0.ii          332      1969

D E F G             0.Ii          478      1977

E F G             0.I0          456     1978

E F G             0.I0          358      1982

F G            0.08          364      1986

F G             0.08          353      1984

F G             0.07          386      1987

G            0.05         370     1983

G             0.04          358      1985

G             0.04 .        369      1988
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Table 13. Estimates of Delta Smelt abundance based on the
ratio of Delta smelt abundance to young striped bass
abundance in the fall midwater trawl survey
multiplied by population estimates of young striped
bass derived from a life table analysis.

Striped        Delta
striped Delta       Ratio       Bass            Smelt
Bass Smelt       Smelt:      Population     Population

Year Index       Index       pass        {in millions) [in thousands)

1968    4109           696          .17             1.8                300

1970    8144          1677          .21             8.1              1670

1971    9069          1306          .14           11’9              2670

1972          6101                     1267                      .21                        12.7                              2630

1975         4538                        698                      .15                           1.6                                 240

1977     844           483          .57            0.4               230

1984          6584                        181                      .03                         11.8                                 350

1985         1757                        109                      .06                           4.7                                 280
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population Aqe structure

We examined length-frequency data for the townet and midwater

trawl surveys for 1977, 1978 and 1980 to learn more about the

size and age structure of the population (Figures 16 and 17). In

both data sets, two year classes of delta smelt were evident.

The juveniles from the current year’s production form one group

in the size range of 15 mm to about 65 mm in summer and up to

about 90 mm in the fall. Second groupings of larger smelt up to

130 mm indicate that a few adults survive the rigors of spawning

and live into the following winter. However, since these larger

adults are so scarce, one-year old fish form almost the entire

spawning population each year o

FACTORS AFFECTING DELTA SMELT ABUNDANCE

What factors regulate abundance of each year class of delta

smelt? Considering that most delta smelt spawn only once, the

abundance of the previous year class and its egg production is

potentially important. We evaluated the potential role of egg

production by examining spawner-recruit relationships using the

summer townet survey data alone, a combination of the summer

townet data and the midwater trawl data, and the midwater trawl

data alone (Figure 18). In the best case, that for the midwater

trawl data alone, the spawning stock abundance accounted for
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LENGTH (mm)

Figure 16. Length frequency distribution of delta smelt catches
in the 1977, 1978 and 1980 townet surveys.
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predictions to decline if smelt abundance peaks at moderate

flows and declines at higher flows.

2) Diversions from the spawninq and nursery area - Major State

and Federal water projects, Pacific Gas and Electric Company

power plants, and other industry and local agriculture

0                operations divert huge amounts of water from the Delta

during the spawning and nursery period (pages 62 to 73).

Many young and adult delta smelt entrained by these

diversions are removed from the population. Recent analyses

(Stevens et al. MS) indicate that such entrainment losses

have caused a severe decline in the Sacramento-San Joaquin

Estuary’s striped bass population. We used total water

exports as measures of diversions.

3)    Food SUDDIY -- Delta smelt feed on zooplankton, especially

copepods (pages 4 to 6).    Thus, availability of these

zooplankton for young smelt potentially could affect their

growth, survival and abundance. We used copepod densities

(exclusive of.nauplii and Sinocalanus doerii) to measure

food supply.

4) Reverse flow - Due to water project pumping in the south

delta the lower San Joaquin River frequently flows backwards

and transports small fish toward the diversions (pages 64 to

67). Moyle and Herbold (1989) suggest that this process is

detrimental to delta smelt. We used the number of days of

net reverse flow at Jersey Point on the San Joaquin River as

our measure of reverse flow.
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5) Water temperature - Temperatures may affect delta smelt    ’

abundance through effects on growth and mortality. We used

average maximum temperatures from the U.S. Geological Survey

monitoring station on the Sacramento River at Freeport to

provide a general, albeit imperfect, indication of annual

temperature conditions.

6) water transparency - water transparency may reflect general

productivity of the Estuary and/or vulnerability of delta

smelt to predation by other fishes. Delta waters have

tended to become clearer in recent years (California Fish

and Game 1988). We used average Delta-Suisun Bay secchi

disc readings from the Bay-Delta project’s zooplankton

survey as a general indicator of water transparency.

We tested one, two and three variable models for the summer

townet survey and fall midwater trawl survey indices using all

combinations of these environmental factors (RSQUARE procedure in

SAS version 5, 1985). Both abundance indices were evaluated

against averages of the environmental factors during the March-

June spawning and early nursery period, and the fall midwater

trawl index was also evaluated against averages for the July-

October late-nursery period.

Care must be taken in interpreting results of such regression

searches, as even the moderate number of input variables that we

used, may lead to some chance relationships which are spurious.
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At best, any of the regression models should only be considered

as "suggestive" mechanisms which require further testing.

~ values indicate that none of the models based on March-June

environment explain a satisfactory amount of variability in smelt

abundance (Appendices E and F). Of the July-October variables,

copepod abundance and water transparency dominated the best

models and themselves accounted for almost 70% of the variability

in the midwater trawl index (Appendix G). However, despite this

apparent association between delta smelt abundance and July-

October copepods and water transparency, the importance of these

factors should, at best, be considered tentative. Comparisons

between the summer townet survey and fall midwater trawl indices

suggest that since 1983, at least, delta smelt year class

strength has been set before July.

THREATS

Numerous factors potentially threaten the existence of the delta

smelt which has probably been at all-time low abundance levels

since 1983. Discussion of several of the most obvious factors

follows.
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Food Supply

ZooplanMton abundance in the Estuary has been monitored by the

Department’s zooplankton monitoring survey since 1972.

Zooplankton also have been monitored in the spring since 1984 by

the striped bass egg and larva survey. These surveys demonstrate

that densities of E. affinis, the most common copepod in the

delta smelt’s diet, were relatively stable prior to 1988.

However in 1988, a major decline in E. affinis occurred over much

of the delta smelt’s range (Table 14). This decline coincided

with the accidental introduction and population explosion of the

clam, Potamocorbula amurensi@, (pages 78 and 79). The most

recent years, 1988 and 1989, provide somewhat ambivalent results

regarding the impact of the decline of E. affinis on delta smelt

In 1988, the midwater trawl index for delta smelt was at its next

to lowest level; however, in 1989, while still very low from a

historic perspective, this index rebounded to its highest level

since 1983. Nevertheless, the recent decline in this major diet

component, still must be considered as a potential threat to the

delta smelt’s recovery unless other food resources compensate or

E. affinis recovers to its former abundance.
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Table 14. Mean Density of Eurytemora affinis per m3 in the Estuary
during May and June.

EC < i000 uS EC > i000 uS
Year Zooplankton Egg and Larva Zooplankton Egg and Larva

Survey           Survey            Survey           Survey

1972 588 4301

1973 589 1884

1974 1017 4980

1975 378 1378

1976 369 1794

1977 370 2232

1978 639 4172

1979 262 2390

1980 176 1466

1981 258 1410

1982 533 3246

1983 806 2673

1984 128 64 1556 737

1985 51 50 1006 465

1986 485 82 2504 1128

1987 389 -- 1437 --

1988 106 48 88 58

1989 --- 22 -- 29
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Low Spawnin_u Stock

Our evaluation of factors regulating delta smelt abundance failed

to show that spawning stock abundance had a major influence on

delta smelt year class success (pages 52 to 56). Nevertheless,

the relatively low fecundity of this species and their planktonic

larvae, which undoubtedly incur high rates of mortality, means

that annual reproduction must be accomplished by fairly large

numbers of fish if the population is to perpetuate itself. (Moyle

and Herbold 1989). Thus, while the stock abundance may not have

been an important factor in the past, present or future low stock

levels may inhibit potential for population recovery. Pimm et

al. (1988) show that small species with variable populations,

like delta smelt, become increasingly vulnerable to extinction as

their populations decrease.

Entrainment in Water Diversions

Delta smelt larvae are lost to entrainment in water diversions of

the CVP, SWP, and Delta agriculture, the Pacific Gas and Electric

Company (PGE) and other industry using water from the Estuary.

The PGE power plant intakes are screened, but these screens are

ineffective on larval fish. In 1978-1979, more than 50 million

and 16 million smelt larvae (delta smelt & longfin smelt - -
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larval smelt are difficult to identify to species and there has

not been an attempt to identify them during any of the

entrainment monitoring programs) were estimated to have been

entrained at PGE’s Pittsburg and Contra Costa power plants,

respectively (PGE 1981~, 1981~). Also, estimates of impingement

of larger delta smelt juveniles on the power plant intake screens

were ii,000 fish at Pittsburg and 6,400 fish at Contra Costa.

There is no information available on delta smelt losses in the

myriad of delta agriculture diversions which are not screened at

all. However, during sampling on 20 days from November 1980-May

1981 and September 1981-March 1982, the delta smelt was the most

numerous species entrained in the unscreened Roaring River Slough

diversion from Montezuma Slough for water distribution in the

Suisun Marsh (Pickard et al. 1982). This sampling, which

generally consisted of placing a net over 1 of 8 intake culverts

for several hours, captured 5,841 delta smelt.

Substantial entrainment losses also occur at the CVP and SWP

despite their intakes being miles from the primary spawning and

nursery areas. These losses occur due to the magnitude of the

water project diversions, their impact on Delta flow patterns,

and the tendency for young delta smelt to be transported and

dispersed by river and estuarine currents.
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The CVP and SWP pumps are located at the southern edge of the

Delta, but pumping rates usually exceed the flow of the San

Joaquin River entering the Delta from the south; therefore, most

of the water that they export must come from the Sacramento

River. Approximately the first 3,500 cfs of flow exported from

the Sacramento River crosses the Delta through the CVP’s Delta

Cross Channel and Georgiana Slough near Walnut Grove and flows to

the pumps through natural channels upstream from the mouth of the

San Joaquin River. Young smelt that were spawned in the water

transport channels or in the Sacramento River upstream from

Walnut Grove would be particularly vulnerable to this water

management scheme. At higher export rates, water is drawn up the

San Joaquin River from its junction with the Sacramento River

(Figure 19). Such net upstream flows in the San Joaquin River

are typical in all but wet springs, and in the summer and fall of

all years. The upstream flows entrain young smelt from the

western Delta and carry them to the water project intakes.

Moyle and Herbold (1989) found that high frequencies of reverse

flows in the San Joaquin River during spring were always

associated with low abundances of delta smelt in Suisun Bay in

the fall (Figure 20) while low frequencies of reverse flows

sometimes were associated with high abundances of delta smelt.

They (MS) also point to a trend of increasing reverse flows in

the San Joaquin River, especially during the spawning months.
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P~wer Plant
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~l Net Downstream Flow

Net Reverse Flow

Figure 19. Typical summer flow patterns in the Sacramento-San
Joaquln Delta. CVP-SWP export pumping has changed the
natural flow patterns. Reverse flows transport many
delta smelt from their nursery to the CVP-SWP
diversions in the south Delta.
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Figure 20. Mean Densities of fall populations of Delta smelt in
Suisun Bay vs. numbers of days of reverse flows in the
San Joaquin River during March to June. From Moyle
and Herbold (1989).
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system. Substantial numbers of the many young delta smelt that

are salvaged (pages 31 to 41) also die due to stresses received

during the handling and trucking. Others are eaten by larger

fish in the SWP’s clifton Court Forebay and near the trash racks

at both the CVP and SWP screens. These factors have not been

evaluated for delta smelt but are known to be significant

detriments to striped bass (DFG 1987).

Delta smelt are most vulnerable to entrainment during spring and

summer as ~hown by the number salvaged per-acre-foot of exports

by the SWP (Figure 22). This pattern reflects the late

winter-spring spawning season and growth and mortality of young

fish. During April and May, abundance of young smelt at the SWP

and CVP diversions probably is greater than shown in Figure 22.

However, this tendency is not displayed by the salvage estimates

because the smelt are so small that they pass through the screens

and are not salvaged during the first month or two of life.

Also, smaller smelt are not readily identifiable by the

technicians responsible for sampling salvaged fish.

Theintra-year salvage pattern in 1977-1978 was a notable

exception to the typical pattern. Through much of 1977, water

exports were reduced, due to a major drought, and while a delta

smelt salvage peak occurred in July, the greatest entrainment and

salvage of the 1977 year class occurred from December 1977
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Figure 22. Mea~ month.ly salvage of delta smelt per acre foot of
water diverted by the State Water Project and Central
Valley Project.



through February 1978 when water exports increased after the

drought broke~(Table 15). In fact, the salvage of 134,000 delta

smelt at the SWP in January 1978 almost equaled the total for

allof 1977 (146,000 fish) and~exceeds the annual totals for all

subsequent years.

What is the importance of entrainment losses with respect to the

population decline of delta smelt? This is unclear. Comparisons

of estimated population levels (Table 13) and salvage estimates

(Figures 4, 8 and 9) suggest ~ntrainment losses potentially could

cause major reductions in delta smelt abundance. The greatest

annual salvage, and probably losses, to water project diversions

occurred from 1970 to 1976 (Figure 8). Considering that few

delta smelt live beyond i year, if such entrainment depleted the

population, the impact should be noticeable the following year.

Yet the population apparently did not crash until 1983, 13 years

after 1970, the initial year of record with a major salvage.

Also, looking at the salvage data alone, one might hypothesize

that the unusual entrainment of maturing adults in 1977-1978 had

critically depleted the stock, but again this hypothesis is

inconsistent with the population trend depicted by the more

comprehensive trawl and townet survey indices.

Nevertheless, delta smelt are ecologically similar to young

striped bass which have been severely impacted by water
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Table 15. Estimated Salvage of Delta Smelt and Water Exports at
the State Water Project diversion in the southern
delta, during 1977-1978.

Month            Delta Smelt Salvage       Exports (thou. acre ft)

1977 Jan                        6980                        205

Feb                         2430                         106

Mar                         1707                          97

Apr                         2975                          14

May                        3017                         68

Jun                         3033                          17

Jul                    43489                      20

Aug                         6435                          15

Sep                       17890                          9

Oct                    2528                      8

Nov                          350                          51

Dec                       55101                        224

1978 Jan                       134089                         365

Feb                        53960                         343

Mar                       4217                       108

Apt                          130                          35

May                          3523                           59

Jun                       36289                        201

Jul                         1034                         211

Aug                         2658                         246

Sep                          244                         211

Oct                           60                         127

Nov                          473                         131

Dec                          900                         169
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diversions (CDFG 1987, Stevens et al. MS.). Delta smelt are

vulnerable to diversions throughout their life cycle,

particularly in dry years, when they are concentrated in the

Delta from which the water is diverted. Thus, even if water

diversions were not directly responsible for the delta smelt

population decline, their drain on the population may be a

significant factor inhibiting recovery.

Toxic Substances

Dr. Moyle[s petition points out that the Estuary receives a

variety of toxic substances, including agricultural pesticides,

heavy metals, and other products of our urbanized society. The

effects of these compounds on delta smelt have never been tested,

and their effects on fishes in general arepoorly understood.

Some of these substances are known to occur in the Estuary’s

fishes at levels that may inhibit their reproduction (Jung et. al

1984) or are sufficient to trigger health warnings (e.g. Mercury

in striped bass) regarding human consumption. Also, recent

bioassays by the Central Valley Regional Water Quality Control

Board (Foe 1989) suggest that water in the Sacramento River is,

at times, toxic to larvae of the fathead minnow, a standard EPA

test organism . However, the timing of the delta smelt decline

is not consistent with the increased, mid-to late-1970s, use of

the chemicals thought to cause mortality in these bioassays.
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Although there isno direct evidence of delta smelt suffering

direct mortality or stress from toxic substances, this factor

obviously cannot be eliminated as a potential agent adversely

affecting the delta smelt population.

Flows Out of Optimal Ranqe

Moyle and Herbold (1989) point out that the years of the major

smelt decline have been characterized by not only unusually dry

years with exceptionally low outflows (1987, 1988), but also by

unusually wet years with exceptionally high outflows (1983,

1986). They suggest that moderately high flows are most

beneficial in that they cause the primary delta smelt nursery

area, which is the mixing zone of the Estuary, where outflowing

freshwater meets incoming tidal water, to be located in Suisun

Bay. Moyle and Herbold developed a complex analysis which

suggests high productivity (as reflected in phytoplankton and

zooplankton abundance) in the mixing zone is one of the strongest

determinants of delta smelt abundance. This high productivity is

associated with the establishment of the mixing zone in the

shallow water of Suisun Bay. Thus, they suggest moderately.high

outflows are important in that food becomes more available for

larval smelt than when outflows are extremely high or too low.

Higher and lower outflows place the mixing zone and nursery too.

far downstream or upstream. Low outflows also are detriments in

that the delta smelt population concentrates in the Delta portion
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of the Estuary where they are most vulnerable to becoming

entrained in water diversions.

Moyle and Herbold’s thesis is logical; however, it is not

entirely supported by the abundance indices that we have

described. For example in 1972, the fall midwater trawl index

was quite high despite low outflows and a levee break on Andrus

Island drawing the mixing zone well into the Delta during June.

Also, relatively high summer tDwnet survey indices suggest early

survival of delta smelt larvae was high during the drought of

1976 and 1977. Subsequent survival of these year classes

appeared to be low, however. Furthermore, our multiple

regression analysis (pages 56 to 59) did not indicate that delta

smelt abundance is controlled by delta outflows.

Figure 23 illustrates the best relationship (selected from R2

values after running all possible 2 consecutive monthly subsets

from February to June) between the fall midwater trawl abundance

index, delta outflow, and delta outflow~. As explained

previously, the outflow~ term allows the regression predictions

to decline if smelt abundance peaks at moderate flows and

declines at high flows. Again, there is no evidence that outflow

has had major effects on delta smelt abundance.
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Notably, the recent series of very weak year classes began in

1983 which had a record sustained period of high spring outflows.

That year, a substantial portion of the year class likely was

washed far beyond Suisun Bay and perhaps entirely out of the

Estuary.

Genetic Dilution

The closely related wagasaki, or Japanese smelt, wasintroduced

in 1959 by the Department of Fish and Game into six California

lakes and reservoirs: Dodge Reservoir (Lassen County), Dwinnell

Reservoir (Siskiyou County), Freshwater Lagoon (Humboldt County),

Spaulding Reservoir (Nevada County), Sly Park Reservoir (El

Dorado County) and Big Bear Lake (San Bernardino County) (Wales

1962). They have subsequently been introduced into other

reservoirs, including Shastina Reservoir (Siskiyou County) and

Almanor Reservoir (Plumas County) (Moyle 1974, Moyle and Herbold

1989). Although the status of the introduced populations is
o

uncertain, the potential exists for this fish to appear anywhere

in the lower Klamath River system, the Sacramento River system,

and possibly other systems as well (Moyle 1974). Wagasaki were

collected from Folsom Reservoir (El Dorado County) by Department

biologists in 1989 (D.P. Lee, Associate Fishery Biologist, CDFG,

pers. comm.).
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The wagasaki may hybridize with Delta smelt, but whether they

have is not known, nor is it known if such hybridization could

.have a negative effect on the fitness of the Delta smelt. Thus,

the threat of loss of genetic integrity or the possibility that

the wagasaki could displace the Delta smelt completely through

introgression or direct competition (Moyle and Herbold 1989)

should be considered as speculative.

Exotic Species

Since the early 1970s, several exotic species, including both

fish and invertebrates, have been accidentally introduced into

the Sacramento-San Joaquin Estuary and become firmly established.

A fish, the inland silverside (Menidia berylina), similar in size

and food requirements to delta smelt, entered the Estuary in 1975

(Meinz and Mecum 1977) after flood flows transported it to the

Delta from Clear Lake where it was intentionally, but illegally,

introduced in 1967 (Fisher 1973). The invertebrate introductions

have occurred through the discharge of organisms carried in

ballast water of ships. The exotic invertebrates have included,

since 1978, four species of zooplankton, all copepods

(Sinocalanus doerii, Limnoithona sinensis, Oithona davisae, and

Pseudodiaptomus forbesi); an amphipod (Lagunoqammarus s_~.); and a

clam (P. amurensis). All of these invertebrates are of Asian

origin. Some of these exotic species invasions and their
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population explosions occurred before, others occurred after, but

none coincide with the delta smelt decline.

Of the exotic copepods, S_~. doerii (established 1978) and E-

forbesi (established 1986) have become particularly abundant.

doerii apparently is rarely eaten by delta smelt; however, E.

forbesi is now a major part of their diet. Laboratory

experiments (Meng and Orsi, University of California, Davis and

CDFG, respectively) have shown that larval striped bass readily

take E. forbesi, but have difficulty capturing S. doerii.

Apparently, the same is true for delta smelt. Potentially, the

establishment of ~. forbesi should compensate for the substantial

decline in E. affinis which occurred during 1988 and 1989.

However, since R. forbesi’s annual cycle is such that it does not

become abundant until summer, it is not readily available for the

initial feeding of young smelt during the spring. Circumstantial

evidence, from field monitoring and some sketchy laboratory

experiments, suggests that filtering by the clam, R. amurensis,

may have caused the decline in ~. affinis which, historically,

was available to delta smelt during their early nursery period.

While this decline in ~. affinis occurred after the decline in

delta smelt, its near absence, possibly caused by the exotic, ~.

amurensis, may inhibit the smelt’s recovery.
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D~sease and, parasites

Diseases and parasites of delta smelt have never been studied;

thus, there is no evidence concerning their role in the

population decline. General studies on parasites of Delta

fishes, however, have found numerous protozoans, worms

(trematodes, cestodes, nematodes, etc.) and crustaceans which

have affected at least 28 species of fish (Edwards and Nahhas

1968, Hensley and Nahhas 1975)’.    Striped bass in the Delta are

more heavily infested with parasites than Atlantic coast striped

bass, perhaps indicating that the Delta environment may be

degraded by toxicants-or pollutants to the point that resistance

toparasites in resident fishes is weakened (CDFG 1989). Also,

widespread sightings of dead fish suggest that, in some years,

disease outbreaks have caused mass mortalities of carp (CvDrinus

carpio) and white catfish (Ictalurus catus) in California’s

Central Valley including the Delta. If disease or parasites are

important or should they become important, they certainly could

prevent the recovery of delta smelt from current population

levels.

Competition and, Predation

Delta smelt evolved with native predators such as squawfish

(Ptvchocheilus grandis), Sacramento perch (Archoplites

interruptus), and steelhead (Oncorhynchus mykiss); however,

80

C--048682
C-048682



predation by these species, none of which is currentlyabundant

in the Estuary, is unlikely to be responsible for the relatively

recent decline observed in Delta smelt. Striped bass, which were

introduced in 1879, have been the most abundant predator (adults

and sub-adults) and competitor (young) in the portion of the

Estuary inhabited by Delta smelt, but striped bass also have

suffered a serious decline which began in the 1970s and preceded

the decline in delta smelt. Also, abundance indices for several

other potential predators or competitors did not exhibit

increases that could account for reduced delta smelt abundance

(Figure 24). In fact, several of those potential competitors or

predators--longfin smelt, threadfin shad and white catfish--also

show signs of population erosion approximately coinciding.with,

or, in the case of white catfish, preceding the decline of delta

smelt.

In essence, there just has not been a consistent increase in the

abundance of any potential predator or competitor that could

account for the decline of delta smelt.

Drs. Moyle and Herbold (1989) suggest that the Department’s

effort to enhance the Sacramento-San Joaquin striped bass

population through the stocking of hatchery-reared fish could

cause excessive predation on delta smelt. Striped bass are

highly pisciverous (eat other fish); however, comprehensive

striped bass food habit studies (Stevens 1966, Thomas 1967)
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Figure 24. Trends in midwater trawl abundance indices of
potential Competitors or predators of delta smelt.
These abundances have either decreased or been stable
coincident with the period of decline in Delta smelt
except for the yellowfin goby which generally has been
more abundant. There were no trawl surveys in 1974
and 1979.
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indicated that, while delta smelt were occasionally consumed,

they were not a significant prey of striped bass even in the

.early 1960s when delta smelt and striped bass were both much more

abundant: Thomas (1967) notes that several potential prey

species, including delta smelt, were less abundant in the striped

bass diet than expected based on their abundance in the

environment. Factors which reduce the availability of delta

smelt and certain other species to striped bass are not

understood.

Thus, while competition and predation cannot be ruled out as

threats to delta smelt, the available evidence suggests that they

are not a major threat.

CONCLUSIONS

We have examined several measures of delta smelt abundance; all

indicate that the population has declined, although these

measures are not consistent in their depiction of the timing and

magnitude of the decline. The best measures, based on the summer

townet and fall midwa~er trawl surveys, indicate that delta smelt

abundance consistently has been lower since 1983 than in previous

years. Based on the midwater trawl survey, the average

population since 1983 (index of 175) has only been about one-

83

C’048685
C-048685



fifth of the average population level (index of 861) from 1967 to

1982, and one-tenth of the peak level (index of 1840) in 1980.

Delta smelt abundance has been highly variable over the period of

record. Our evaluation of factors potentially affecting delta

smelt abundance did not point strongly to any particular cause of

this variability or the sustained population decline since 1983.

However, failure to identify factors regulating the population

does not mean the tested factors are not important. Such failure

may simply reflect sampling associated variability in our

measures of delta smelt abundance and/or the environment.

The Fish and Game Commission is guided by the State Endangered

Species Act and the guidelines promulgated under this Act in

determining whether a species may be properly listed as

endangered or threatened. Section 670.1(b) of Title 14 of the

California Code of Regulations sets forth the listing criteria.

Under this section, the Commission may list a species if it finds

that its continued existence is in serious danger, or is

threatened by any of the following factors.

.Present or threatened modification or destruction of

its habitat;

overexploitation;

predation;

competition;
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o disease; or

o other natural occurrences or human-related activities.

To meet the State Endangered Species Act’s definition of

"endangered", a species must be:

(1) a native species or subspecies;

(2) a bird, mammal, fish, amphibian, reptile or plant;

(3) in serious danger of" becoming extinct throughout a11,

or a significant portion, of its range;

(4) affected by loss of habitat, change in habitat,

overexploitation, predation, competition, or disease

(Cal. Fish and Game Code Sec. 2062).

A "threatened" species is a species which is "likely to become an

endangered species in the foreseeable future" in the absence of

the special protection provided by the Act. (Sec. 2067). The

Fish and Game Code (Sec. 2072.3) lists additional factors

relevant to a determination that a species is threatened or

endangered:

population trend;

range;

distribution;.

abundance;

life history;
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ability to survive and reproduce;

degree and immediacy of threa~;

existing management efforts;

type of habitat.

Dr. Moyle’s petition declares: "The Delta smelt fits the

definition of an endangered species as it is in danger of

extinction throughout its entire limited range. It is vulnerable

to extinction because (i) it is short-lived, (2) it has

relatively low fecundity, (3) it is a planktivore throughout its

life cycle, and (4) it is confined to the upper Sacramento-San

Joaquin estuary." Our analysis indicates that declarations (1)-

(4) are true. Additionally, introductions of exotic organisms

have altered the delta smelt’s food supply, and water projects

have adversely modified the delta smelt’s habitat, distribution

and probably abundance within the Estuary. While our analysis

failed to determine the specific relationships between these

threats and the smelt population, that is not crucial to

determining whether delta smelt should be listed as threatened or

endangered.

Major adverse habitat modifications include effects of changes in

the character and position of the salinity gradient and

exploitation through entrainment in diversions. Such population

threats are likely to worsen or, at best, remain stable (Table

16). Trends in abundance of other species, such as striped bass,
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Table 16.    Probable Trend in Delta Smelt Population Threats.
W = worse, S = Stable

Threat                           Tre~d

Inadequate Food Supply         S

Inadequate spawning stock     S or W

Entrainment Losses              W

Toxicity                           ~

Delta outflows                   W

Genetic dilution                 S

Exotic introductions            S (if ship ballast discharges are
controlled), W (if ship ballast
discharges are not controlled)

Disease and parasites           S or W
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also point toward a general degradation of the delta smelt’s

habitat.

Thus, the delta smelt population trend, certain life history

attributes, and environmental threats tend to support "listing".

The most relevant issue, however, is whether the population is

low enough that it is in danger of extinction. The scientific

information is insufficient to make that determination.

Unfortunately, it is a very complicated scientific determination,

and no scientific study which we might implement will provide a

conclusive answer in the next few years. Meanwhile the

population might become extinct.

The Department of Fish and’Game believes that the relatively

stable, albeit low, population is not in imminent danger of

extinction. One factor supporting this contention is that the

population has historically rebounded quickly from levels nearly

as low as present ones. While we cannot be certain that such

rebounds will not happen again, the persistent low populations

since 1983, the nature of the delta smelt’s life history and

distribution, and increasing threats to its habitat lead us to

conclude that the delta smelt may well "become an endangered

species in the forseeable future". Hence, based on the best

scientific information available (Section 2074.6 CESA), the
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Department believes that the most prudent action is to list the

delta smelt as a Threatened Species.

RECOMMENDATIONS

Petitioned Action

1. The Commission should find that the petitioned action that

is warranted is for the status of State Threatened.

2. The Commission should publish notice of its intent to amend

Title 14 CCR 670.5 to add the delta smelt (Hypomesus

transpacificus) to its list of Threatened and Endangered

Species.

Recovery and Manaqement Action~

The Department’s objective is the protection of a sufficient

number of delta smelt to insure their long-term survival in their

native habitat and range. In order to achieve recovery, the

population must be protected, monitored, and shown to be self-

sustaining. Annual monitoring and evaluation should be increased

after input from interested parties. Recovery goals and

reclassification criteria need to be established. When recovery

goals have been met, the Department will make recommendations to

the Commission regarding delisting this species.
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The following actions have potential to achieve management and

recovery objectives.

1. Improve species identification and fish handling procedures

at the existing State and Federal Water Project diversions

from the Delta. Such actions could reduce present

entrainment losses to these major diversions.

2. Modify pumping strategies, at the State and Federal Water

project diversions to reduce entrainment losses during~

periods when delta smelt are most abundant.

3. Increase spring and summer delta outflows to maintain the

entrapment zone and major delta smelt nursery in the Suisun

Bay region where food supplies are greater than in the Delta

and exposure to diversions is minimal.

4. Support regulations restricting ship ballast water

discharges to eliminate or minimize new introductions of

potentially harmful exotic species. S 2244 and HR 4214

currently being considered by the U.S. Congress would create

such regulations.

5. Evaluate losses to agricultural diversions in the Delta.

Screening these diversions probably would reduce entrainment

and losses to local crop irrigation.
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6.    Remove water project diversions from the Delta. Moving the

diversion intakes to the Sacramento River upstream from the

major nursery area would do this and also provide benefits

to other species which formerly made more use of the Delta.

7. Consider developing pond culture techniques for the purpose

of creating "refuge" populations.

Alternatlves to the Petitltloned Action

If the Commission should choose not to list the Delta smelt, it

is our opinion that this fish would be deprived of protection

provided through recognition and formal consultation available to

a listed species. When a species is listed as Threatened or

Endangered, a higher degree of urgency is mandated, and

protection and recovery receives more attention from the

Department and other agencies than does a non-listed species.

In the absence of listing, it still would be possible to devise a

management plan for this species. However, this Departmental

status review indicates that the future existence of this species

is already seriously threatened. Despite good intentions on the

part of the Department and the Commission, promises of management

and protection for a non-listed species do not have the weight of

law behind them, and thus seldom receive high priority in the
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eyes of other agencies. Without the benefits of listing and the

cooperation of other agencies in preservation and recovery

actions, the species could decline further until the population

is no longer viable, and is no longer able to exist in

perpetuity. Eventually, extinction could occur.

Although the petitioner has requested listing of the Delta smelt

as Endangered, the Department has made the recommendation and the

Commission has the option to list this fish as Threatened

instead. Under this option, the Delta smelt would receive the

same special consideration and protection under CESA and the

California Environmental Quality Act (CEQA) as if it were listed

as Endangered. This Departmental.status review indicates that

the continued existence of the Delta smelt is seriously

threatened throughout its range, and that this alternative is

appropriate.

PROTECTION AFFORDED BY LISTING

If listed, the Delta smelt will receive protection from take

during development activities subject to CEQA and will be subject

to formal consultation requirements under CESA. The species will

also be eligible for the allocation of resources by government

agencies to provide protection and recovery. During the CEQA

environmental review process, listed species receive special
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consideration, and protection and mitigation measures can be

implemented as terms of project approval. Species that are not

listed do not readily receive protection. The status of listing

provides a species with recognition by lead agencies and the

public, and significantly greater consideration is given to the

Department’s recommendations resulting from project environmental

review.

Listing this species increases the likelihood that State and

Federal land and resource management agencies will allocate funds

and personnel for protection and recovery actions that benefit

the Delta smelt. With limited funding and a growing list of

Threatened and Endangered species, priority has been and will

continue to be given to species that are listed. Those that are

not listed, although considered to be of concern, are rarely

given serious consideration under these circumstances.

The Department is not required to prepare an analysis of economic

impacts per CESA Section 2074.6. The Depirtment is to provide a

report to the Commission "based upon the best scientific

information available to the Department, which indicates whether

the petitioned action is warranted, which includes a preliminary

identification of the habitat that may be essential to-continued
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existence of the species, and which recommends management

activities and other recommendations for recovery of the

species".
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EOTICE IS ~ GIVEN that any species above proposed to be added to the State list
as endangered or threatened is a "candidate species" pursuant to Section 2074.2 (FGC)
and, pursuant to Section 2085 (FGC), may not be taken or possessed except as provided
by Section 2080, et seq. of the FGC or other applicable statutes.

Susan A. Cochrane, Chief
Natural Heritage Division
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(916)    324-8348

June 22, 1990

To whom It May Concern:

The enclosed draft report represents the Department of Fish and
Game’s analysis and response to a petition to list the Delta Smelt
as an endangered species. The Department has determined that the
Delta Smelt meets criteria set forth in the California Endangered
Species Act of 1984 for listing as a threatened species. This
draft report’is being provided to all individuals and organizations
that responded to our public notices earlier in the review process.
We are providing another opportunity for the public to comment on
this matter before the Department transmits a final report to the
Fish and Game Commission for receipt at their August 3, 1990
meeting. Your comments must reach this office by July 18, 1990 to
be included in our final status report. The Commission will conduct
a hearing on the Departments recommendation and take public
testimony at their August 31~ 1990 meeting in Sacramento.

Thank you for your interest in this matter.

Sincerely,

Susan A. Cochrane, Chief
Natural Heritagae Division
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CALIFORNIA DEPARTMENT OF FISH AND GAME
NOTICE OF AVAILABILITY OF REIKgRTS

NOTICE IS HEREBY GIVEN that a draft report prepared by the Department
of Fish and Game, pursuant to Section 2074.6 of the Fish and Game Code,
in response to a petition to list the delta smelt (Hypomesus
tr .anspacificus) as an endangered species, is available for review and
comment at the Natura! Heritage Division Office, 1220 "S" Street,
Sacramento, CA 95814, phone (916) 324-0561.

The Fish and Game Commission will receive the Department’s final
report at their August 3, 1990 meeting. The Commission will c.-n~duct a
hearing on the Department’s recommendation and take public testimony at
their August 31, 1990 meeting in Sacramento.

Department of Fish and Game
/~a~d Fisheries Division

June 29, 1990 Robert R. Rawstron, Chief
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Appendix B. Summary of Public Comments on Draft Status Review

A draft’of this report was released on June 22 for public

comment. The cover letter from Susan A. Cochrane, Chief Natural

Heritage Division specified that comments must reach the

Department by July 18, 1990 to be included in the final status

report. Comments were received from the following individuals

and organizations: 1) State Water Contractors (SWC), 2)

McDonough, Holland and Allen, attorneys for Central Valley

Project Water Association (CVPWA), 3) Downey, Brand, Seymour, and

Rohwer (DBSR), attorneys representing more than twelve

reclamation districts which siphon or pump water from delta

channels, 4) California Central Valley Flood Control Association

(CCVFCA), 5) The Planning and Conservation League (PCL), 6) Drs.

Bruce Herbold and Peter Moyle (HM), 7) The Department of Water

Resources (DWR), and 8) Dr. Dallas Weaver, Scientific Hatcheries

(DW).

Concerns were expressed in the following general areas:

adequacy of available information for purposes of depicting

the delta smelt population trend and status (SWC, CVPWA),

verification of the taxonomic status of the species (SWC,

CVPWA),
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¯ adequacy of data regarding the diet of delta smelt (SWC,

CVPWA) ,

¯ resolution on the timing and distribution of spawning,

mechanisms of larval transport, and reproductive potential

(SWC, CVPWA),

¯     resolution on distribution within the Estuary (SWC, CVPWA),

¯ weak linkage between abuhdance and factors potentially

controlling abundance (SWC, CVPWA, DWR),

¯ need for stronger technical foundation in support of.listing

and management recommendations (SWC, CVPWA, DWR),

¯ increased cost of water associated with screening

agricultural diversions and the question of screen

effectiveness on fish as small as delta smelt (DSBR, CCVFCA,

DWR),

¯ predation by birds should be considered as a potential

mortality factor (DW),

¯ changes in carbon-nitrogen-phosphorus ratios due to sewage

treatment may affect productivity of the food chain (DW),
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¯ water diversion is the cause of the situation and

consideration should be given to upgrading the listing to

Endangered (PCL, HM).

We believe that some of these concerns have merit. In some cases

they are consistent with statements in our draft text and in some

cases we have modified the present text in response. Conversely,

we also disagree with some of the comments and stand by our

original analysis. Taken individually or collectively, the

technical comments do not change conclusions about the status of

the smelt population or the factors affecting it.

The SWC, CVPWA and DWRpoint to apparent discrepancies between

certain conclusions reached in the report and the

recommendations. The Department believes that those apparent

discrepancies are due to the draft report’s failure to explain

adequately the logical basis for recommendations and that there

is no discrepancy between conclusions about the status of the

smelt population and the recommendations.

The most essential conclusions are that the Delta smelt

population fluctuated widely in abundance from 1959 through 1982,

but has been consistently at or below previous minimum levels

since 1983; the causes for their low abundance are uncertain,

although a number of impacts and likely threats are evident; and

scientific information is insufficient to determine the minimum
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viable population size. In this regard, despite their technical

comments, the SWC concede that there is "ample evidence to

suggest that delta smelt are at a relatively low level of

abundance and therefore represent a species of concern" (p. 9

Attachment i, July 18, 1990 letter from George Baumli to Susan

Cochrane), and DWR states that "it is clear that the population

has been low and relatively stable for the past several years"

(July 19, 1990 memorandum from Robert G. Potter to Susan

Cochrane). The central issue, therefore, is whether the delta

smelt is truly likely to become an endangered species in the

foreseeable future and deserving of Threatened status.

The Department disagreeswith PCL and HM and agrees with the SWC,

CVPWA and DWR that based on available evidence there is a measure

of uncertainty regarding endangerment (page 88, this report). We

believe that at least three alternative conclusions about the

population’s status merit careful consideration. These are:

1. Some set of circumstances has caused the recent

consistent low abundance levels but not permanently

reduced habitat carrying capacity, so recovery may

occur spontaneously.

2. Habitat degradation has permanently reduced this

population to a low but stable level.
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3. Habitat degradation has caused the population to fall

to a low, temporarily stable level, but increasing

habitat stress is likely to cause the population to

decrease further.

The first alternative would clearly not warrant listing the

smelt. The second would warrant listing only if the present

population level is close to the minimum viable population size.

At first glance, that seems unlikely considering the rapid

historical increases from similar levels, but subsequent habitat

degradation may have affected population viability. The third

could warrant listing as threatened, depending on the likely

consequences of a further decline.

While none of the alternatives can be ruled out, the Department

concluded that the third is sufficiently likely and warrants

listing the smelt as threatened. Specific supporting reasons

are:

i. The general degradation of phytoplankton, zooplankton and

several species of fish including delta smelt, in the Delta

and suisun Bay.

2. The association of some of these changes with water

development, with reverse flows and losses in project

diversions causing particularly important effects.
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3. Those water development effects will increase unless

specific mitigative actions are taken.

4. The rapid changes associated with accidental introductions

of invertebrates which probably haven’t stabilized yet.

5. The vulnerability of delta smelt to extinction.due to their

limited distribution, and life history characteristics..

6. The uncertainty about factors controlling the abundance of

smelt, which leads to an inability to conclude that smelt

are unlikely to be harmed by further changes.

7. Each additional year of depressed populations makes it more

difficult to rationalize the situation as reflecting

temporary habitat degradation.

The SWC, CVPWA and DWR all advocate comprehensive studies as an

alternative to listing. The Department recommends that such

studies should be part of the recovery and management actions,

rather than a substitute for listing. The Department’s reasons

are:

I. The status of this resource is much better defined by past

programs than the SWC and CVPWA believe it is.
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2. Management actions are warranted now due to risks posed by

continuing environmental changes, and

3. Experience indicates that conclusive results will not be

achieved quickly by proposed studies.

In addition to studies, DWR advanced two management.

recommendations as follows:

¯ The species list for the 1986 DFG-DWR agreement to offset

DWR’s direct Delta pumping impacts be expanded from striped

bass, chinook salmon, and steelhead, to include Delta smelt.

This action would result in funds being made available to

develop projects to offset DWR’s entrainment losses.

¯ The present DFG/DWR/USBR negotiations to develop an

agreement to offset CVP/SWP indirect Delta impacts be

expanded to include Delta smelt. (The negotiations

presently focus on striped bass and chinook salmon).

The Department considers these helpful, but not specific enough.

They would logically lead to consideration of the specific

measures included in our recommendations. The lack of certainty

as to the cause of the decline creates uncertainty as to the

measures which should be undertaken to increase the population.

The Department has chosen to recommend a series of habitat
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improvement measures related to the life history of smelt. The

Department is confident that the recommended measures would

improve habitat quality in the Delta and Suisun Bay and have a

high probability of increasing smelt abundance.

Proposals to modify CVP/SWP pumping strategies to reduce

entrainment losses, and to augment Delta outflow, have drawn

specific criticism, considering the lack of strong relationships

between entrainment losses, outflow and smelt abundance found

during the analysis. While strong, long-termrelationships do

not exist,.the Department considers the drain of present water

diversions on the delta smelt population to be a significant

factor inhibiting their recovery and flow augmentation is worth

considering, at least as a vehicle to reduce such losses.

Greater flows would reduce these losses by transporting the smelt

population downstream away from the diversions.

In response to concerns about screening delta agricultural

diversions we have modified our draft recommendation to include

an initial evaluation phase.
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Appendix C. Delta smelt abundance indices for the townet
survey for the years 1959-1965 and 1969-1989

Year Survey 1 Survey 2 Mean

1959 0.i 22.2 ii.i
1960 21.6 26.0 23.8
1961 18.9 17.0 18.0
1962 20.3 26.5 23.5
1963 1.3 2.1 1.7
1964 11.4 36.4 23.9
1965 6.4 5.3 5.9
1969 3.7 1.2 2.7
1970 20.3 43.4 31.9
1971" 8.9 15.8 12.4
1972 9.2 12.8 ii. 0
1973 21.5 21.0 21.2
1974 12.0 13.8 13.0
1975 7.0 16.7 11.9
1976 63.0 38.2 50.6
1977 12.5 37.1 24.8
1978 23.0 102.0 62.5
1979 6.4 19.9 13.2
1980 14.7 16.9 15.8
1981 19.1 20.5 19.9
1982 7.0 14.3 10.6
1983 3.3 2.5 2.9
1984 1.3 1.2 1.3
1985 0.8 0.9 0.9
1986 7.4 8.3 7.8
1987 0.4 2.4 1.4
1988 O. 5 i. 8 I. 2
1989 3.6 0.8 2.2
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Appendix D. Weight Factors used for Midwater Trawl Survey Data.

Midwater Trawl
Area Stations . Acre ft.

1 336-339 81,000

2 320 28,000

3 321-326 113,000

4 327-329 65,000

5 330-335 122,000

6 317-319 59,000

7 312-316 102,000

8 303-311 185,000

9 301-302 30,000

I0 340 48,000

ii 401-402,404-408 160,000

12 409-419 140,000

13 501-520 180,000

14 601-606,608 50,000

15 702-711 120,000

16 801-815 140,000

17 901-915,918,919 200,000
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Appendix E. Regression search of potential effects of March to June
environmental variables on the summer townet survey
abundance index for delta smelt. See appendix H for Key
to variable names.
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Appendix F. Regression search of potential effects of March to June
environmental variables on the fall midwater trawl
abundance index for delta smelt. See appendix H for Key
to variable names.
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Appendix G. Regression search of potential effects of July to October
environmental variables on the fall midwater trawl
abundance index for delta smelt. See appendix H for Key
to variable names.
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Appendix H. Key to the variables used in regression search of
environmental variables affecting delta smelt abundance.

March-JuDe Variables,

LMJN_OUT=       Log10 Mean March-June Delta outflow.

LMJN_OT2=       Log,0 Mean March-June Delta outflow squared.

DAY REVS=       Number of March-June days of reverse flow.

MJN_EXP=        Mean March-June water project exports.

MR J FT=        Mean Maximum March-June Sacramento River Temperature at
Freeport.

MJN_COP= Mean March-June copepod density/m3 exclusive of
Sinocalanus and nauplii.

MJN_WT=         Mean March-June water transparency (secchi).

July-October Variables

LJ O OUT=       Logl0 mean July-October Delta outflow.

LJ_O_OT2=       Logl0 mean July-October Delta outflow squared.

DAY_REVF=       Number of July-October days of reverse flows.

J_O_EXP=        Mean July-October water project exports.

J_OFT= Mean July-October maximum Sacramento River temperature
at Freeport.

JL_O_COP= Mean July-October copepod density/m3 exclusive
of Sinocalnus and nauplii.

JO_WT=           Mean July-October water transparency (secchi).
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